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Catalyst Preparation: Monometallic catalysts Ni/SiO 2 , Cu/SiO 2 , and bimetallic catalysts CuNi/SiO 2 , Cu-Ni/CeO 2 , and Cu-Ni/CeO 2 /SiO 2 were prepared by deposition-coprecipitation method. The precursors employed were Cu(NO 3 ) 2 2.5H 2 O (9.8% purity), Ni(NO 3 ) 2 6H 2 O (99.99% purity), Ce(NO 3 ) 3 6H 2 O (99.5% purity), and colloidal SiO 2 (Ludox, 40 wt.%, Aldrich). Firstly, copper and nickel nitrates were dissolved separately in deionized (DI) water.
Colloidal SiO 2 was dispersed in DI water by vigorous stirring. For the preparation of monometallic catalysts Ni/SiO 2 and Cu/SiO 2 , the required amount of copper and nickel stock solutions were separately added to the colloidal SiO 2 dispersion in water and stirred on heating at 100 C till completely evaporated. The bimetallic catalyst Cu-Ni/SiO 2 was prepared similarly by adding the required amount of copper and nickel stock solutions (10 wt. % each) together in the aqueous colloidal SiO 2 and stirred on heating at 100 C, till the water was completely evaporated. After oven drying for overnight, the obtained cakes of monometallic and bimetallic samples were ground in fine powder and calcined at 500 C for 5 h in air. CeO 2 was prepared from aqueous solution of Ce(NO 3 ) 3 6H 2 O using aqueous NH 3 solution as the precipitating agent, oven dried, calcined at 500 C for 5 h in air. For preparation of Cu-Ni/CeO 2 , required amount of CeO 2 nano-powder was dispersed in DI water. Required amounts (10 wt.% each) of copper and nickel stock solutions were added to the aqueous dispersion of nano-CeO 2 , vigorously stirred on heating till complete evaporation. Subsequently, oven dried and calcined at 500 C for 5 h in air.
The Cu-Ni/CeO 2 SiO 2 was prepared by dispersing CeO 2 (20 wt.%) in the aqueous colloidal SiO 2 . Required amount of copper and nickel stock solutions (10 wt.% each) were added with vigorous stirring and heating at 100 C till evaporation, subsequently oven dried and calcined at 500 C for 5 h in air. All the prepared samples were treated in the flow of 5% H 2 balanced in Ar gas at a rate of 5 C min −1 (at the rate of 30 ml/min) in the temperature range 500 -550 C.
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Details of the Catalyst Characterization Techniques
X-ray diffraction analysis of the prepared samples was performed on a Rigaku Multiflex diffractometer fitted with nickel-filtered Cu-Kα (1.5418 Å) radiation source and a scintillation counter detector. The diffraction patterns were recorded over a 2θ range of 10 -80° for all the materials with 0.021 step size and 1 s per point counting time. Identification of the XRD phases was carried out by comparing with the Powder Diffraction File from the International Centre for Diffraction Data (PDF-ICDD).
A DILORXY spectrometer equipped with a liquid nitrogen-cooled CCD detector was employed to perform the Raman spectroscopic analysis. The samples were degassed at 120 o C for 2 h before subjecting to the Raman spectroscopic analysis. The 632 nm emission line generated by an Ar + ion laser was used for excitation of the samples. The acquisition time was adjusted according to the intensity of the Raman scattering. The wavenumber values obtained were precise to within 2 cm -1 .
The specific surface areas and pore size distribution of the samples were determined by N 2 adsorption-desorption isotherms at liquid N 2 temperature (196 o C) on a Micromeritics (ASAP 2000) analyzer. Estimation of the specific surface area and pore size distribution were carried out using Brunauer-Emmett-Teller (BET) and Barrett-Joyner-Halenda (BJH) methods, respectively.
Transmission electron microscopy (TEM)/high resolution transmission electron microscopy (HRTEM) studies were carried out on a JEM-2010 (JEOL) instrument, which was equipped with a slow-scan CCD camera and an accelerating voltage of 200 kV.
Field electron scanning microscopy (FESEM) analysis was performed using an (FESEM, JEOL-7610F) electron microscope to examine the surface morphology. Energy dispersive analysis of X-rays (EDAX) was used to determine the surface composition with OXFORD Inca detector interfaced at 5 kV.
XPS measurements were conducted at room temperature using a Shimadzu ESCA 3400 spectrometer fitted with Mg-Kα (1253.6 eV) radiation as the excitation source. The carbon 1 s peak at 284.6 eV was considered as a reference.
The leaching of metals from liquid extracts were calculated using atomic absorption spectrometry (AAS) with a Perkin Elmer 4100 spectrometer. 
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Hot Filtration Test: To assess the robustness and heterogeneous nature of the designed CuNi/CeO 2 -SiO 2 catalysts, we conducted hot filtration test under the optimized reaction conditions of 160 ⁰C and 25 bar H 2 gas pressure. Typically, in the hot filtration test, we stopped the reaction by releasing the hydrogen pressure from the stainless-steel reactor after 6 h, followed by cooling down to room temperature. The black solid was separated from the reaction mixture by centrifugation. Vanillin conversion of 58 % after 6 h was reached. Then, we continued the reaction with the filtrate but no further improvement in vanillin conversion to either vanillin alcohol or 2-methoxy-4-methylphenol beyond 59 % was seen. Our investigation clearly demonstrates the limited leaching of Ni-Cu into the reaction mixture during the course of reaction, with the appearance of trace amounts of Ni and Cu in the reaction mixture, making the filtrate solution light green in color. However, it was found that the Cu an Ni content in the filtrate was below the detection limit as measured by AAS (atomic absorption spectroscopy). 
